Cognitive disability is a major contributor to the comorbidities of epilepsy. There is major evidence that confirms that cognitive impairment can appear or worsen with early and chronic progressive neurologic changes in epilepsy. It has been increasingly accepted that comorbidity does not indicate causality. Certainly, cognitive impairment in epileptic patients warrants crucial evaluation and mitigation from the onset of diagnosis and treatment of epilepsy. The concept of a bidirectional nature of cognitive impairment in epilepsy represents a change in the paradigm of the neuropsychology of epilepsy. It has been suggested that both behavioral and cognitive dysfunction associated with epilepsy are not necessarily the consequence of active epilepsy but in fact, can dominate and be associated with factors before the emergence of epilepsy. This review discusses different relations of behavioral and cognitive comorbidities in epilepsy and tries to clarify the nature of the relationship between epilepsy and cognition.
INTRODUCTION
Epilepsy is defined as recurrent transient attacks of excessive synchronous neuronal activity [1] . Clinical epilepsy includes various manifestations ranging from minimal clinical symptoms like brief unnoticed loss of consciousness to violent attacks of muscular contractions leading to physical injury. Epileptic seizures can be transient caused by brain traumas, drug-induced, hypoxia and metabolic derangement disturbing brain homeostasis [2] . Although epilepsy is a very common disease affecting nearly sixty-five million patients worldwide [3] , there is still no obvious concepts for the mechanisms underlying the variable spectrum of manifestations [4] . Cognitive functions are higher brain functions, determined by the ability of the brain to plan adaptive behavior, memorize events, find a solution to Cognitive dysfunctions, mood disorders, and behavioral problems constitute highly common comorbidities of epilepsy [6] . The most frequent cognitive deficits secondary to epilepsy are memory loss, cognitive slowing, and deficits in attention which have a significant negative effect on daily functions [5] . Cognitive impairment in chronic epilepsy is noticed in 70-80% of patients as well as depression in 60% of patients [7] . It is well known that the causal relation of cognitive dysfunction in epilepsy has multiple factors including organic brain lesions, uncontrolled epilepsy, drug treatment, and previous individual mental abilities [8] . Although postictal and ictal cognitive impairment is reversible [9] , chronic and uncontrolled epilepsy has commonly progressive cognitive decline [10] .
It has been suggested that refractory epilepsy is the main cause of the cognitive problems seen with epilepsy. However, this concept questioned by that comorbidities determine epilepsy outcomes of [11] , comorbidities may precede the epilepsy onset; and cognitive deficits accompanying epilepsy may be an expression of a common underlying pathologic process [8] . The causal relation between epilepsy and cognitive impairment was challenged in many studies revealed that cognitive and behavioral comorbidities may come before the onset of epilepsy [12, 13] .
Determinants of cognitive function in epilepsy
Many factors affect the cognitive functions in epilepsy including the etiology of epilepsy (especially if there is underlying structural damage), epilepsy syndrome, epilepsy duration, location of the epileptic focus, age of onset, seizure type, seizure frequency, occurrence of status epilepticus, type of anti-epileptic drug and drug dose [5] .
Seizure etiology
In epilepsy induced by cortical dysplasia, the degree of the malformation is a major indicator of cognitive impairment. As well as, organic brain damage like sclerosis of the hippocampus in temporal lobe epilepsy produces marked cognitive disability that may be represented as refractory epilepsy [14] . Type of seizure Childhood Absence epilepsy has less cognitive dysfunction than tonic-clonic seizures.
However, generalized epilepsies are had higher cognitive deficits than focal epilepsies; and the greatest hazard in status epilepticus patients [15] . Age of epilepsy appearance Age of beginning of epilepsy is the main factor of the cognitive and behavioral effects of epilepsy. The earlier epilepsy onset in children, the lower their IQ results. The onset of epilepsy before the age of five years is a major risk factor for cognitive decline [5] .
Type of epileptic syndrome

Comorbid anxiety and depression
Epileptic patients have a higher risk (4-5 times) developing depression, suicide, and anxiety than healthy people. This may be attributed to the earlier age of onset, longer duration of epilepsy, refractory seizure, increased and interictal epileptiform activity [20] . Anxiety disorders are associated with attacks of amnesia [21] . Depression has neuropsychological impairments involving processing speed, memory, psychomotor speed, attention, and, and executive tasks [22] . So, the cognitive impacts of depression exaggerate and accelerate any cognitive impairment induced by epilepsy itself.
Anti-seizure drugs
Anti-epileptic drugs reduce neuronal excitability, which may have a negative effect on cognitive function [23] . Cognitive side effects are notable in patients receiving anti-epileptic polytherapy [24] . Drugs acting on sodium channels have much less cognitive drawbacks. However, the risk is higher in drugs enhancing GABA which may lead to mental slowing and impairments of language production [25]. Drugs acting on presynaptic protein SV2A showed improvement in reaction times and memory [26] .
Etiologies of cognitive dysfunction in epilepsy
Cognitive comorbidities in epilepsy have multiple causes and factors that define the course of cognitive functions such as structural pathologies, seizure types, interictal epileptiform activity, drugs, psychiatric problems, and individual mental reserve capacities [27] . Behavioral comorbidities such as depression can be attributed to a) Reactive depression due to problems related to being epileptic; b) Antiepileptic drug-induced depression; c) Disruption of neural networks handling emotions [28] . Besides the multifactorial concept of behavioral and cognitive comorbidities in epilepsy, it is fundamental to appraise the useful role of some antiepileptic drugs on cognitive functions, mood, seizures control [29] and neurodevelopmental prospects such as neuronal plasticity and cognitive capacities [30] .
The influence of chronic epilepsy on cognitive abilities
The concept that epilepsy harms the neuronal circuits and leads to ongoing cognitive decline is confirmed by cross-sectional studies that studied the relationship between cognitive functions and epilepsy duration [31]. The cognitive morbidities in a chronic epileptic patient can be due to negative chronic effect of recurrent seizures or an initial impairment interacting with the aging process [32]. Determinants of continuous cognitive deterioration in long-standing epilepsies are uncontrolled epilepsy and generalized tonic-clonic type epilepsy, brain trauma, underlying structural epilepsy, and a poor baseline Currently, no clear evidence that interictal epileptiform discharge and recurrence of seizures alone can contribute significant cognitive dysfunction or permanent cognitive damage in chronic epileptic patients. More likely it depends on the time before and around epilepsy onset considering the baseline cognitive affection [37] . So, it is necessary to assess cognitive abilities at the beginning of epilepsy to realize the time at which deficits happen and how they affect the disease course.
Cognition in early epilepsy
Cognitive and behavioral comorbidities in epileptic children are present at the onset of epilepsy and cognition course relies on the underlying pathology, epilepsy dynamics, and seizure control [38] . Risk factors for the presence and severity of cognitive comorbidity in new-onset epilepsies include lack of education, the underlying cause of epilepsy, and generalized tonic-clonic seizure type. Accordingly, cognitive screening should become routinely done for pediatric and adult populations [39] . Assessment of the patient's cognitive functions early at epilepsy onset and before the start of treatment helps to monitor the disease and cognition course [40] . Cognitive deficits are commonly existing when epilepsy starts, and their progression depends on the etiology, treatment effects (positive or negative) and treatment success. Cognitive impairment as a risk factor epilepsy Structural or developmental brain lesions, subclinical epileptiform activity, and behavioral/mental deficits can negatively affect cognition before the onset of epilepsy [41] . The concept that cognitive dysfunction is already present at epilepsy onset does not solve the debate that whether a cognitive disability is a determinant for epilepsy development. Cognitive dysfunction and epilepsy express manifestations of abnormal brain activity. Accordingly, seizure recurrence is markedly associated with brain pathology which also contributes to cognitive deficits [42] . It has been reported that better cognitive performance is an indicator of treatment success [43, 44] . Cognitive impairment is accelerated by epileptiform activity [45] . The epileptic seizure not only relies on the focal activity of the epileptic location but also on the activity of away healthy brain regions [46] . Accordingly, if these away non-focal brain regions are under cognitive activation can block seizure evolution, because epilepsy cannot recruit brain regions that are already functionally occupied. Behavioral seizure control techniques depend on that concept [47] .
Enhance Cognitive Outcomes in Epilepsy
A long-term study of patients after temporal lobe epilepsy surgery revealed that cognitive course is usually stable and may improve if seizures are controlled and antiepileptic drugs can be reduced [48] . Another research studied the effect of a ketogenic diet, which has been applied to control seizures in some patients with refractory epilepsy, found that the intervention has beneficial cognitive effects. Although the proposed cognitive benefit could be attributed to seizure control, it appeared independent of the reduction of antiepileptic drugs. The same study found improvements in aspects of attention alertness, and thorough cognitive functions [ However, there are cognitive functions can suppress a seizure, depending on behavioral seizure control mechanisms. Epilepsy and cognitive disabilities may share common underlying brain disease. It is highly essential to assess and early screen cognitive functions to determine whether cognitive and behavioral comorbidities induced by epilepsy or its drug treatments or whether cognitive disabilities are consistent with early or late acquired brain pathology.
Conclusion
The goal of this review to highlight the relations and common causes of cognitive comorbidities in epilepsy and the effect of them on the disease course. We focused on the causal relation between epilepsy and cognitive disability and the impacts of cognition on seizures and epileptic activity. We concluded that there is no current reliable evidence that longstanding epilepsy alone, drives progressive deterioration and irreversible decline of cognitive abilities.
Additional occupational therapy, training, education, and psychotherapy is advised for patients with cognitive and behavioral problems. Further future research is highly needed to assess and enhance cognition in epilepsy that focuses on targets other than the processes underlying seizures. 
